Determining the Amount of Total Nitrogen, Total Organic Carbon and C:N Ratio for Eight Blueberry Plantations from Northwest Region of Development by Boţ, Amalia Ioana et al.
  
Original Article 
 
Determining the Amount of Total Nitrogen, Total Organic 
Carbon and C:N Ratio for Eight Blueberry Plantations from 
Northwest Region of Development 
 
BOȚ Amalia Ioana1, Ioan PĂCURAR1*, Lech SZAJDAK2, Sanda ROȘCA3,                      
Horea PĂCURAR1, Viorela Codruța PLEȘA1 
 
1University of Agricultural Sciences and Veterinary Medicine, Faculty of Food Science and Technology, 
3-5 Calea Mănăştur Street, 400372, Cluj-Napoca, Romania 
2Institute of Agricultural and Forest Environment, Polish Academy of Sciences, Bukowska Street, no. 19, 60-809, Poznan, Poland 
3University Babeș Bolyai, Faculty of Geography, 5-7 Clinicilor Street, 400006, Cluj-Napoca, Romania 
 
Received 20 April 2017; received and revised form 10 May 2017; accepted 29 May 2017 
Available online 30 June 2017 
 
 
Abstract 
 
The Northwest Region of Development is one of the most well developed regions in Romania, due to his high 
economic value, given by the strategic position between the east part of Europe and Asia and the west part of Europe and 
also because of the well-developed urban areas. Also, we can find here a major developing in agriculture, because of the 
numerous types of soils met and the variety of relief units. Nowadays, the increased interest of farmers in cultivating 
blueberry (Vaccinium corymbosum) contributes to the sustainable development of territory. The eight plantation studied 
have shown differences when comparing the amount of different compounds in soil, such as total organic carbon and total 
nitrogen. For example, for A samples, the values of total organic carbon where higher in Zimbor (33.9 g/kg), Mărișel 
(37.6 g/kg) and Șintereag (2.3 g/kg) and for B samples in Cetariu (13.2 g/kg), Mărișel (52 g/kg) and Ardud (27.2 g/kg). 
The amount of total nitrogen was higher in two plantation, Șintereag and Mările, for both A and B samples (Șintereag A-
1.6 g/kg and B-2.2 g/kg and Mărișel A-1.7 g/kg and B-2.4 g/kg). The higher amount of total organic carbon could indicate 
that the type of soils identified for those plantation give better conditions for microorganism in the process of 
transformation of organic matter. Smaller differences were found in plantations that have the same type of soil, meaning 
that the bio-chemical processes in soil met the same conditions, pH also playing a key role in this aspect.  
 
Keywords:  fertility, bio-chemical compounds, plant nutrition, qualitative variations 
 
1. Introduction  
 
For a constantly growing population, 
nowadays, there are necessary changes in industrial, 
technological and agricultural management that take 
into account the realities of the present. Agriculture, 
but especially organic farming, plays a double role in 
all this. 
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On the one hand, it helps to mitigate the effects 
of climate change by using crop technologies that do 
not destroy water reserves and soil resources and on 
the other hand it offers the possibility of 
reintroducing into the agricultural circuit those 
varieties that were thought to be weak productive. 
 Once aware of the devastating and irreversible 
effects of climate change accentuation, as well as 
focusing on the consumption of bio-products for the 
maintenance of human health, specialists in the field 
try to use species to meet these requirements.  
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On the one hand, it helps to mitigate the effects 
of climate change by using crop technologies that do 
not destroy water reserves and soil resources and on 
the other hand it offers the possibility of 
reintroducing into the agricultural circuit those 
varieties that were thought to be weak productive. 
Once aware of the devastating and irreversible effects 
of climate change accentuation, as well as focusing 
on the consumption of bio-products for the 
maintenance of human health, specialists in the field 
try to use species to meet these requirements.  
Another added value of this type of 
management is the preservation of agro-biodiversity 
through the promotion of local varieties and the 
development of sales outlets for them. Among the 
variety that do not affect the soil's resources and, 
implicitly, the environment and which are productive 
both in terms of quantity, but above all qualitative, is 
noted and frequently used the blueberry. Vaccinium 
corymbus, or highbush blueberry, native species of 
North America, is also found in spontaneous flora, 
prefers mountain areas, coniferous forests, soils with 
acidic pH and sunny exposure, but increasingly 
appears to be used in intensive cultures, which 
demonstrates the awareness of farmers on the 
economic potential and its antioxidant properties, as 
well as the beneficial effects brought on the human 
health, reinforced by the recent medical studies.  
Studies regarding the antioxidant capacity of 
berries have shown that among all berries, 
blueberries have the highest concentration of 
polyphenols and flavonoids, thus they have the 
highest antioxidative activity [2, 6, 7, 12]. Of course, 
their value can be influenced by genotype, 
cultivation, irrigation systems and storage conditions 
[3, 14]. Considering the benefits on human health that 
comes with the consumption of blueberries, such as 
improving the immune system, improves vision, 
lowers blood sugar and beneficial for intestinal health 
[8], along with his high economic value given by the 
antioxidant properties [5], blueberry farming 
becomes more and more important nowadays and 
frequently used in almost each region of Romania. 
This research aims to determine the 
characteristics which are very important for every 
farmer: the ratio of C:N and the concentrations of 
total nitrogen and total organic carbon. The ratio of 
C:N plays a significant role in fertilization plan, 
knowing at the same time the content of organic 
matter in soil and the concentration of nitrogen, the 
key element in plant nutrition.  
The economic value of agricultural land is 
determined by the relative value of land using the 
most appropriate and cost-effective crop techniques. 
Through this scientific approach, production levels 
and economic efficiency can be properly established 
[13]. In order to achieve the purpose of research, a 
brief characterization of area studied is needed, along 
with a characterization of specie and its benefits on 
human health and economic importance.  
Northwest Region of Development has a total 
surface of 34.159 km2, according to Romanian 
Statistical Yearbook, 2014, and has six counties: 
Bihor, Bistrița-Năsăud, Cluj, Maramureș, Satu Mare 
and Sălaj (Fig. 1.a) and 446 administrative territorial 
units. For this research, a total number of eight 
blueberry plantations were taken into study, as 
represented in Fig. 1.b.  
 
 
 
 
Figure 1. a) Counties of the Northwest Region of Development [15] and b) The location of blueberry plantations 
that were studied in research 
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The reasons why we choose the Northwest 
Region of Development for study are many, such as 
economic value, given by the geographical position 
of territory and the increased development of urban 
areas, which can have a significant importance for the 
future development of markets for agricultural crops, 
especially those that gave major income.  
Another factor is related with the position of 
territory, the region being a major link between 
western part of Europe and east part. Another reason 
is determined by the agriculture and the numerous 
possibilities for developing various crops, given by 
the presence of all major type of relief and numerous 
type of soils, whit different fertility and 
characteristics, thus with different suitability for 
many crops.  
The reasons why we choose the Northwest 
Region of Development for study are many, such as 
economic value, given by the geographical position 
of territory and the increased development of urban 
areas, which can have a significant importance for the 
future development of markets for agricultural crops, 
especially those that gave major income.  
Another factor is related with the position of 
territory, the region being a major link between 
western part of Europe and east part.  
Another reason is determined by the 
agriculture and the numerous possibilities for 
developing various crops, given by the presence of all 
major type of relief and numerous type of soils, whit 
different fertility and characteristics, thus with 
different suitability for many crops.  
Higbush blueberry (Vaccinium corymbusum) 
is part of the genus Vaccinium, the Ericacee family, 
originating in North America. In Europe, highbush 
blueberry culture has been particularly well 
developed in the Netherlands and Germany since 
1925, then expanded to Austria, Denmark, England, 
Scotland, Switzerland, Italy, Poland.  
The first plantations in our country were 
established in 1968 at the former Bilceşti Pomicol 
Research Center, Argeş County [4]. 
A decisive factor in the success of highbush 
blueberry culture is soil.  
Blueberries successfully capitalizes the soils 
with pronounced acidity (pH 4.5 - 5.5) and peat lands, 
less favorable to other crops, soils situated 
predominantly in the hilly and piedmont area of our 
country, where the corresponding climatic 
conditions, respectively rainfall over 700 mm 
annually and annual average temperatures of 7.8 - 8.5 
°C [4].  
As a pre-culture, are recommended the 
conifers (pine black spruce), which develops in layers 
of different thickness and peat moss. There are also 
suitable grasses (oat, wheat), annual plants hoes 
(rapeseed, mustard), and legumes. 
 It is recommended Tagetes species as pre-
culture, in which the content of plant substance have 
a nematicide effect and soil disinfection process and 
also produce high vegetative mass, which make an 
important contribution of organic matter in the soil 
[16].  
The land on which the crop is to be grown must 
be kept moist and free of stagnant water for all 
vegetation, on sunny slopes with a slope of up to 20% 
and no slip hazard. 
 
2. Material and Method 
 
The position of the eight plantations which 
were taken into study from the Northwest Region of 
Development are represented in figure 1b and in table 
1, where the exact location is pointed using Google 
Earth and also, using GIS Spatial Analysis 
techniques, the soil type was identified and their 
texture, factors which are the most important for the 
characterization of blueberry crop.  
For the chemical analyses, samples were taken 
from each plantation, from the first profile of soil, at 
a depth of 0-20 cm, where the root system of 
blueberries is developing.  
An important factor for blueberry crop is the 
pH, which was measured in aqueous solution (1: 5 
v/v) by the potentiometric method, using the pH-
meter CP-501, Elmetron.  
For the investigation of total organic carbon, 
50 mg soil sample was set in Total Organic Carbon 
Analyzer TOC-5050A (Shimadzu, Japan) with Solid 
Sample Module SSM-5000A (Shimadzu, Japan) and 
the content was measured. 
N-total was evaluated by semi-micro-Kjeldahl 
method. 0.5 g of soil sample was set in Kjeldahl 
digestion tube. 5 ml of twice distilled water were 
added.  
After 30 min 2.5 ml of 95% H2SO4 and powder 
zinc were added and heated 20 min. 15 ml of 95% 
H2SO4, 5 g of K2SO4 and small amount of selenium 
mixture were added and heated at 350oC to total 
brightening of heated mixture - Heating Digester DK 
20, VELP SCIENTIFICA, Italy [19].  
Kjeldahl digestion tube was cooled to room 
temperature. Mineralized sample was set in 100 ml 
volumetric flask and filled to line by twice distilled 
water. Then the sample was centrifuged (MLW K 23 
D, Germany) in 3000 rpm by 15 min. 25 ml of sample 
was set in Parnas-Wagner apparatus (Vapodest, 
Gerhardt, Germany). 50 ml of 30% NaOH was 
added. 50 ml of distillate was collected to 100 ml 
Erlenmeyer flask filled by 20 ml of 4% H3BO3 and 
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indicator (bromocresol green and methyl red 
mixture).  
The blue distillate was titrated to red color by 
0.02 M HCl. 
The concentrations of N-total were calculated 
(1, 2): 
 
 
N − total =  VHCl ∙  0.28 ∙  800 [mg/
100g d. m. ]  (1) 
 
%N =  
N−total
1000
  (2) 
 
 
where:  
 
VHCl – the volume of 0.02 M HCl [ml],  
0.28 – conversion factor (1 ml of 0.02 M HCl 
corresponds to 0.28 mg of nitrogen),  
800 – conversion factor corresponded to:  
(I) volume of flask (100 ml);  
(II) weight of soil sample (0.5 g); 
(III) volume of mineralized sample (25 ml). 
 
 
The C:N ration was calculated according to 
Păcurar and Buta, 2010 [10].  
Knowing the content of total nitrogen and 
organic carbon (C= humus (%):1.74), the C:N ratio 
can be determined, using the formula (3):  
 
 
C/N=
𝐶
12,01
:
𝑁
14,008
           (3) 
 
 
where:  
C = organic carbon (%) 
N = total nitrogen (%) 
12.01 = atomic mass of C  
14.008 = atomic mass of N 
 
 
 
3. Results and Discussions 
 
A first step for achieving the purpose of 
research was to determine the soil type and texture, 
using GIS Spatial Analysis technology and the 
specifics geo-spatial interpolation instruments [1, 
11]. These characteristics are presented in Table 1, 
together with the results of pH values. 
At a first look of first results, we can state that, 
given the requirements of blueberries for soil, namely 
acidic soil, with well-aired texture, rich in organic 
matter, we observed that the most suitable conditions 
are found in Mărișel, Șintereag, Copalnic and 
Cetariu.  
Even though the texture is clayey for Cetariu 
and Copalnic, this can be improved by using sawdust 
and peat moss mixture, which is a basic requirement 
for establishing blueberry crop, needed regardless the 
natural conditions that occur in territory.  
This mixture will provide, for a long term, the 
proper conditions for development and growth, 
considering the fact that a culture of blueberry can 
produce fruits, after reaching maturity age, up to 50 
years in a raw [18]. 
Table 2 presents the results of total nitrogen 
and total carbon determinations and C:N ration. For 
these determinations, series of two samples were 
taken from each plantation, one „sample” taken from 
plantation (noted A) and a „control sample” taken 
near plantation, at an approximated distance of 10-15 
m (noted B).  
The C:N ratio or the ratio of organic carbon to 
nitrogen indicates the rate of decomposition of 
organic matter into the soil. The higher the ratio, the 
higher the nitrogen in the soil, so there is less 
available nitrogen for the plants.  
The smaller the C:N ratio, the more intense is 
the transformation of organic matter in soil. The 
literature has shown that acid soils are producing a 
high C:N ratio, so a smaller transformation of organic 
matter in soil [9].  
Given the fact that a major requirement for 
blueberry crop is to have acidic soil, we compared the 
results from C:N ration with the pH values from each 
sample. Results are shown in Table 2 and figures 
bellow (Fig. 2 a, b, c). 
From this table, we can conclude the 
following: for samples 4 (A+B), 6 (A+B) and 
1(A+B), the pH had smaller values and the calculated 
ratio was indeed higher, as literature says, especially 
for sample 4 (A+B), from Mărișel. Furthermore, a 
high value of pH met in sample 5 (A+B) of 7.0, 
respectively 6.1 in control sample, lead to a smaller 
value for C:N ratio, this situation being met in 
blueberry plantation from Ulmeni.  
For the other samples, were we couldn’t show 
the influence of pH on C:N ratio, many reasons may 
exist, such as the different quantity of sawdust and 
peat moss used by farmers for establishing the 
blueberry crop, the different soil type, the altitude and 
slope orientation and the local meteorological 
conditions. 
 All of these factors have an impact on the 
transformation of organic matter, the chemical 
processes in soil and the nutrition of plants 
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Table 1. The type of soil, texture and pH values from blueberry plantations studied in Northwest Region of Development [17] 
 
 
 
Table 2. The results of total carbon and total nitrogen analysis and the calculation of C/N ratio 
Plantation Samples TOC (g/kg) Total N (g/kg) C/N pH 
Șintereag 1A 28.357 1.680 13.338 5.0 
1B 37.670 2.296 14.066    5.3 
Galații Bistriței 2A 26.403 1.755 12.753 7.4 
2B 19.030 1.195 13.653 7.5 
Cetariu 3A 9.323 0.896 8.921 5.4 
3B 13.120 1.083 10.387 6.2 
Mărișel 4A 37.623 1.755 24.584 4.9 
4B 52.060 2.427 18.391 4.9 
Ulmeni 5A 19.847 1.344 12.661 7.0 
5B 21.227 1.437 12.665 6.1 
Copalnic 6A 21.830 1.475 12.689 5.4 
6B 19.227 1.269 12.990 5.0 
Ardud 7A 26.477 1.624 13.978 6.6 
7B 27.297 1.699 13.775 7.2 
Zimbor 8A 33.943 0.849 34.279 6.4 
8B 12.863 0.961 11.476 6.9 
 
 
 
 
 
N
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t 
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n
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f 
D
ev
el
o
p
m
en
t 
Counties Location of 
plantation 
Soil class* Soil type* Texture pH 
sample A 
pH 
sample 
B 
Bistrița-
Năsăud 
Galații Bistriței 
(46°59'47''N and 
24°24'39''E) 
Cambisoil Eutricambosoil Silt loam 7.4 7.5 
Șintereag 
(47°12'11''N and 
24°31'36''E) 
Luvisoil Typically luvosil 
and pseudogleizat 
luvosoil 
Sandy 
loam 
5.0 5.3 
Bihor Cetariu 
(47°08'22''N and 
22°04'05''E) 
Luvisoil Typical brown 
luvosoil 
Clayey 5.4 6.2 
Cluj Mărișel 
(46°41'08''N and 
23°06'28''E) 
Cambisoil Districambosoil Sandy 
loam 
4.9 4.9 
Maramureș Ulmeni 
(47°28'50''N and 
23°18'21''E) 
Cambisoil Eutricambosoil Varied 
texture 
7.0 6.1 
Copalnic 
(47°31'09''N and 
23°39'19''E) 
Luvisoil Typical brown 
luvosoil 
Clay 5.4 5.0 
Satu Mare Ardud 
(47°37'53''N and 
22°53'04'') 
Luvisoil Typical luvosoil Clayey 6.6 7.2 
Sălaj Zimbor 
(46°59'57''N and 
23°15'47''E) 
Cernisoil Brown rendzinic Clayey 
and silty-
clay 
6.4 6.9 
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Figure 2. Comparative data in chart for results from total organic carbon, total nitrogen, C:N ratio and pH for a) all 
samples compared together (A+B); b) for samples (A) and c) for control samples (B) 
1A 1B 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 7B 8A 8B
TC 28.3 37.6 26.4 19.0 9.32 13.1 37.6 52.0 19.8 21.2 21.8 19.2 26.4 27.2 31.0 12.8
total N 1.68 2.29 1.75 1.19 0.89 1.08 1.75 2.42 1.34 1.43 1.47 1.26 1.62 1.69 0.84 0.96
CN 13.3 14.1 12.8 13.7 8.92 10.4 24.6 18.4 12.7 12.7 12.7 13 14 13.8 34.3 11.5
0.000
10.000
20.000
30.000
40.000
50.000
60.000
Samples
Total values of TC, total N and C:N for all samples
a)
1 2 3 4 5 6 7 8
TC 28.357 26.403 9.323 37.623 19.847 21.830 26.477 31.085
total N 1.680 1.755 0.896 1.755 1.344 1.475 1.624 0.849
CN 13.338 12.753 8.921 24.584 12.661 12.689 13.978 34.279
pH sample A 5 7.4 5.4 4.9 7 5.4 6.6 6.4
0.000
5.000
10.000
15.000
20.000
25.000
30.000
35.000
40.000
Sample A
Total values of TC, total N and C:N for A samples
b)
1 2 3 4 5 6 7 8
TC 37.670 19.030 13.120 52.060 21.227 19.227 27.297 12.863
total N 2.296 1.195 1.083 2.427 1.437 1.269 1.699 0.961
CN 14.066 13.653 10.387 18.391 12.665 12.99 13.775 11.476
ph sample B 5.3 7.5 6.2 4.9 6.1 5 7.2 6.9
0.000
10.000
20.000
30.000
40.000
50.000
60.000
Sample B
Total values of TC, total N and C:N for B samples
c)
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The graphics in Fig. 2 show the different 
values obtained from one sample to another. The 
results obtained after determining total organic 
carbon differs the most between samples, meaning 
that different type of soil lead to different 
compositions regarding the mixture of sawdust and 
peat moss. The results of total nitrogen and also the 
identified soil type revealed in table 1 suggest that 
soils from all plantations are mineral soils, in which 
the concentration of total nitrogen is very low and 
with no significant differences between plantations. 
These results were also obtained when comparing 
data from samples (A) and control samples (B), 
meaning that, in case on total nitrogen, the type of 
soil has the most influence on concentration and 
regarding the total organic carbon, we obtained 
different values also for control samples (B), 
suggesting that either soil in its natural state was rich 
in organic matter or plants contributed in the lower 
values registered in samples (A). For example, in 
sample 4, from Mărișel plantation, the amount of 
total organic carbon was higher in control samples 
(4B= 52.06 mg/kg TC) than in sample took from 
plantation (4A = 37.62 mg/kg). Taking into account 
the soil type identified in Mărișel, cambisoil, a soil 
richer in organic matter than the other types of soils 
from the other plantations and also with medium 
favorability for blueberry crop, due to its sandy loam 
texture, we can say that, in this case, plants 
contributed in the natural cycle of organic carbon, 
lowering the concentration in soil, even though in soil 
composition, for sample A, was also peat moss and 
sawdust. As we mentioned above, soil pH could 
influence the C:N ratio, acidic pH is usually 
associated with higher values of C:N ratio (Fig. 3 
a, b).  
 
Figure 3. Comparative data between the values of pH and the C:N ratio for a) samples took from plantation (A) and b) 
control, samples taken near plantation, 10-15 m (B) 
sample 1 sample 2 sample 3 sample 4 sample 5 sample 6 sample 7 sample 8
A-pH 5 7.4 5.4 4.9 7 5.4 6.6 6.4
A-C:N 13.338 12.753 8.921 24.584 12.661 12.689 13.978 34.279
0
5
10
15
20
25
30
35
40
Sample A
Comparative data between pH and C:N ratio for A samples 
a)
sample 1 sample 2 sample 3 sample 4 sample 5 sample 6 sample 7 sample 8
B-pH 5.3 7.5 6.2 4.9 6.1 5 7.2 6.9
B-C:N 14.066 13.653 10.387 18.391 12.665 12.99 13.775 11.476
0
2
4
6
8
10
12
14
16
18
20
Sample B
Comparative data between pH and C:N ratio for B samples
b)
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Graphics from Fig.3 provide a better 
perspective regarding the influence of pH on C:N 
ratio. For example, we noticed that information 
provided from literature and also the bio-chemical 
processes that take place in soil can be matched with 
samples 1 and 4, both for A and B samples, where a 
 smaller value of pH gave a higher value of C:N ratio. 
This statement is also strengthened by the values 
from sample 5, A and B, where a higher value of pH 
(5A pH-7.0 and 5B pH- 6.1) gave a smaller value of 
C:N ratio, of 12.66 for A sample and also 12.66 for B 
sample
.   
Figure 4. Comparative values of C:N ratio between A and B samples 
 
We noticed that there are no significant 
differences (figure 4) when comparing C:N ratio 
between samples taken from plantation (A samples) 
and samples which were taken as control sample, 
near plantation, 10-15 m (B samples), as we gave an 
example above, in case of sample no.5, where the 
values between A and B are the same. This led us to 
the following conclusion: considering that there 
weren’t registered variation regarding the climatic 
conditions from plantation, conditions that could 
have a major influence on soil C:N ratio, the 
differences between A and B are very small, which 
means that there are no significant differences 
between a blueberry plantation and blueberries which 
are found in spontaneous flora, regarding C:N ratio.  
 
4. Conclusions 
 
Blueberry crop has become more and more 
cultivated by farmers all over Romania, but 
particularly in the Northwest Region of 
Development, from where we could choose eight 
plantations for research, from the numerous numbers 
of them, located on different soil type and qualitative 
characteristics. Besides this, Romanian farmers are 
beginning to understand the importance of this crop, 
considering the numerous benefits on human health, 
such as reducing blood pressure, improving vision 
and immune system and beneficial effects on cancer, 
by reducing free radicals of cancer cells due to their 
high antioxidant capacity. The analyses conducted 
revealed the importance of knowing the 
concentrations of total nitrogen in soil and total 
organic carbon, compound that play a key role in 
choosing the best fertility plan for each plantation and 
also the amendments needed in soil, depending on the 
requirement of blueberry plant. The major soil type 
identified, cambisoil, luvisoil and cernisoil, we 
concluded that the results we obtained on total 
nitrogen are and total organic carbon are precise and 
typical for this types of soils, considering their major 
characteristics and description. Furthermore, the 
results obtained on C:N ratio and pH showed that, 
indeed, pH has an influence on the value of C:N ratio, 
but also influences the values of total nitrogen and the 
processes of  mineralization and nitrification, 
because pH influence the microorganism activity 
which is responsible for these processes. 
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